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GENERAL INTRODUCTION 
The United States has one of the most productive agricultural systems in the 
world. American farmers are able to grow vast quantities of grain. U.S. grain can be 
harvested, handled, stored and shipped as efGciently and cheaply as in any other 
country in the world (1). But as efficient as the U.S. agricultural infrastructure is, it 
is designed to deal with quantity, not qualify. Intrinsic quality factors — factors that 
relate to the value grain has to the end-user — are not routinely measured in the 
marketplace. We do not maintain the identity of most grains with different intrinsic 
quality levels in the market channel. Quality tends to become blended towards an 
average level. Economic incentives for providing grain of high intrinsic quality are 
absent. 
Competition in world markets is increasing. Competing countries use similar 
agricultural technology and are becoming more proficient in the logistics of grain 
production, handling, storage and shipment. Unlike the U.S., other countries address 
quality as an integrated part of their grain policy (1). Our lack of attention to 
intrinsic quality factors erodes our competitive position. 
Probably the best example of this situation is soybeans, and our msgor competitor 
in soybean production, Brazil. In recent years, U.S. export soybean protein has 
declined, and oil content has remained low relative to Brazilian export soybeans 
(Figures 1 and 2) (2). The first paper of this dissertation demonstrates that protein 
and oil content of soybeans, two intrinsic quality factors, have a great effect on the 
amount and quality of products derived fi-om soybean processing. This in turn affects 
the end-use value or Estimated Processed Value (EPV). When the differences between 
U.S. and Brazilian soybeans are translated into EPV, U.S. soybeans are less valuable 
(Figure 3) (3). When other factors are equal, knowledgeable customers likely will 
choose to buy firom Brazil. 
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Soybean composition is also of concern in domestic markets. Surveys of soybean 
qualily sponsored by the American Soybean Association (4) show r%ional variations in 
protein and oil content (Figure 4). Soybeans in the upper Midwest have a poor 
reputation among soybean processors relative to other r^ons (5). The low average 
protein content makes them less valuable when processed. Bids for soybeans from 
those parts of the country in part reflect their lower EFV. 
R%ional variations in soybean composition account for part of the variability, but 
soybean variety also has a large effect Results from the 1989 Iowa Soybean Yield 
Test show that protein and oil contents vary widely by variety (Table 1), despite the 
uniform environmental conditions in the test (6). 
Composition is intrinsic, and cannot be altered by anyone in the market chain 
except the grower. However, production decisions by growers mostly emphasize yield 
because there is no direct economic incentive for quality. An individual soybean 
producer can maximize profit by maximizing yield and minimizing cost. Growing 
soybeans of superior end-use value has no direct market reward. 
Perhaps the single most significant technological development relative to soybean 
quality is near-infrared spectroscopy (NIRS) for measuring composition of grains and 
oilseeds (7). Traditional chemical methods are slow and expensive. NIRS technology 
enables measurement of composition quickly, inexpensively and accurately. Informa­
tion necessary to segregate and maintain quality in the market channel can be 
available. 
There is an attitude change occurring in the marketplace concerning quality. 
Some of this change is reflected in public policy. The 1986 Grain Quality Improve­
ment Act (8) redefined the objectives of the U.S. grain standards. They are now: (a) 
to define uniform and accepted descriptive terms to &cilitate trade; (b) to provide 
information to aid in determining grain storability; (c) to offer end-users the best 
possible information from which to determine end-product yield and quality; and (d) to 
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create the tools for the market to establish incentives for quality improvement. The 
first two objective have been embodied in the U.S. Grades and Standards since their 
inception. The last two objectives are new. They recognize the need to consider end-
use value in the marketplace. 
In response to the third objective, the Federal Grain Inspection Service (FGIS) 
now oGers soybean protein and oil analyses as an optional part of its inspection 
procedures (9). It is interesting to note that now, six months after this service began 
in September of 1989, over 50% of all soybean export shipments are analyzed for 
composition by FGIS (10). 
The technology exists to measure quality factors in the marketplace. However, 
incentives require that an economic value be assigned to those quality factors. The 
first paper of this dissertation develops a model for determining the EPV of soybeans, 
given soybean protein and oil content, processing parameters and price information. 
The model demonstrates that soybean composition can have a nugor effect on end-use 
value. 
There are other quality factors that can affect the end-use of soybeans. Shriveled 
and wrinkled (S/W) soybeans, a result of the Midwest drought of 1988, caused concern 
among soybean processors, who feared that the condition of these soybeans would 
create processing problems. The second paper examines the emergency method for 
determining shriveled and wrinkled levels that was developed by FGIS (11). The 
third and last paper examines how S/W conditions affect processing properties and 
end-use value. 
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Table 1. Protein and oil data fi*om the 1989 Iowa Soybean Yield Test (6) 
Niunber of 
varieties 
Protein Oil 
Test'' ffieh Low Hieh Low 
North. 276 37.3 31.8 20.5 18.6 
Central 288 36.6 32.7 20.1 18.4 
South 242 37.1 33.2 20.1 18.0 
Average LSDo.ob° 1.8 0.7 
'Basis 13.0% moisture. 
^arly and late plots combined by district. 
Iieast significant difference, a=0.05. 
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Figure 4. 1986-1988 American Soybean Association soybean quality surv^ (4) 
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Explanation of Dissertation Format 
This dissertation consists of three papers. All three were written in the format 
required for publication by the Journal of the American Oil Chemists' Society 
(JAOCS). The first paper, "Estimating the Processed Value of Soybeans", was 
approved for publication in JAOCS in February, 1990. The second paper, "Size 
Determination of Shriveled and Wrinkled Soybeans", and the third paper, "Cracking 
and DehuUing Shriveled and Wrinkled Soybeans", will be submitted to JAOCS. 
The appendix, "SPROC - A Soybean Processing Simulation: Mass Balance For­
mulae", details the mass-balance equations used in the computer program "SPROC". 
This computer program operationalized the concepts for calculating Estimated Proces­
sed Value discussed in the first paper. 
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PAPER L ESTIMATING THE PROCESSED VALUE OF SOYBEANS 
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Estimating the Processed Value of Soybeans 
Thomias J. Brumm and Charles R. Hurburgh, Jr. 
Department of Agricultural Engineering 
Iowa State University 
Ames, Iowa 50011 
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ABSTRACT 
Interest in marketing soybeans on the basis of protein and oil content is increas­
ing. Producers, breeders, handlers and buyers of soybeans need a method for evaluat­
ing soybean lots of different composition. A model is presented that predicts, given 
soybean composition and processing conditions, the yields of crude soybean oil and 
soybean meal from processing soybeans in a direct solvent extraction plant. From 
these yields, an estimated processed value (EPV) was calculated. For one set of price 
conditions, the EPV of typical soybeans had a range of $0.93 per bushel if premiums 
were paid for meal protein in excess of specifications and a range of $0.53 per bushel 
if meal protein premiums were not paid. Trading rules established by the National 
Soybean Processors Association for domestic meal markets have a significant effect on 
the value and composition of soybean meal. 
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INTRODUCTION 
Soybean processing uses solvent extraction almost exclusively (1). Because 
Congress established in 1986 that end-user value was a key objective of Grades and 
Standards, new soybean quality tests or Standards should be related to value of end-
products firom direct solvent extraction processing. 
Solvent extraction is a component separation of oil and protein-carbohydrate-fiber 
(meal). A typical solvent extraction (crushing) operation can be divided into three 
steps: (A) soybean preparation, (B) oil extraction and (C) soybean meal formulation. 
In the preparation step, the soybeans are cleaned, dried, and cracked into eighths and 
quarters. The hulls, released firom the cotyledons (meats) during cracking, are 
removed by aspiration. The meats are conditioned to an appropriate temperature and 
moisture content for subsequent flaking. 
In the second step, oil is extracted firom flakes with hexane and reclaimed to yield 
crude soybean oil. Defatted flakes are desolventized and toasted. The flakes are 
cooled in preparation for the final step, meal formulation. In step three, the flakes 
are ground and screened to make soybean meal Previously separated hulls are 
usually added to meal to lower the protein content to product specifications. Remain­
ing hulls (mill run) can be traded or saved for future use. 
Soybean protein and oil content, along with processing conditions, determine the 
yield of crude soybean oil and soybean meal per unit of raw soybeans. Higher 
soybean protein contents allow the processor to include more hulls in the meal while 
still meeting protein specifications. This results in a greater meal yield. Published 
crush margins assume that a bushel of soybeans (60 lb) yields 48 lb of 44% protein 
soybean meal and 11 lb of extracted oil (2). By the model presented here, this 
assumption corresponds to average protein and oil contents of about 35% and 19% (at 
13% moisture), respectively. 
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A model to predict oil and meal quantities &om raw soybean composition was 
first developed by Updaw et al. (3). A limited material balance approach was used to 
calculate product yields over a wide range of protein and oil contents. Linear regres­
sion on the resulting yields generated the equations: 
0, = -0.62 + 60.72 X, (1) 
Y, = 59.34 - 69.0 X, (2) 
Zy = -0.1343 + 0.6712 X, + 1.3203 ^ (3) 
where: O, = pounds of oil obtained from a bushel of soybeans, 
Y, = pounds of soybean meal obtained firom a bushel of soybeans, 
Zfj = pounds of protein per pound of meal (decimal percent 
protein), 
Xi = fractional oil content of whole soybeans, and 
^ = firactional protein content of whole soybeans. 
These equations assume soybeans at 13% moisture weighing 60 Ib/bu, 1.15% total 
dry-matter loss in the crushing process, a residual oil content in the meal of 1.2% of 
the meal non-oil dry-matter and a meal moisture of 12%. 
The Updaw model does not account for any dehuUing, addition of hulls to the 
meal to control protein content, changes in processing efficiency among different plants 
or effects of soybean meal marketing practices, such as limitations on the meal fiber 
content. A more logical approach would be a material balance analysis that allows 
inclusion of these factors. Furthermore, if a complete material balance is used, there 
is no need to determine empirical r^ression equations. 
The oil extraction step was previously modeled by Abraham et al. (4) on the basis 
of a set of material balance emd equilibrium equations. This model was developed to 
aid in equipment selection and to be a guide in determining plant operating condi­
tions. Inputs to the model included mass flow rate of flakes entering the extraction 
process, micella/solids equilibrium data and the number of extraction stages or desired 
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residual oil content in the defatted flakes. Although the overall process material 
balance does not require that the solvent extraction step be modeled in detail, the 
Abraham model could, if desired, be used to replace the residual oil assumption. 
Any computation of meal and oil yields in U.S. solvent extraction plants must 
include the effect of National Soybean Processors Association (NSPA) soybean meal 
trading rules (5). These rules provide voluntary procedures, practices and arbitration 
protocols for the trading of soybean products. Key provisions with respect to the 
quantity of soybean meal obtained from a bushel of raw soybeans are: 
1. the fiber limitation of 7.0% for 44% protein meal and 3.5% for high-protein 
(dehuUed) meal. The discount for exceeding TnmrinniTn fiber specifications is 1% of 
the invoice price per 0.1% fiber in excess of specification. A tolerance of 0.3 
percentage points fiber is allowed; and 
2. the protein discount of 2 times the unit price of protein per 1% protein below 
miniTtniTn specifications. A tolerance of 0.5 percentage points protein is allowed. 
These rules limit the amount of hulls that can be included in the meal, because 
exceeding the fiber limit is so costly that a processor will choose to "give away" 
protein in preference to receiving a 10:1 fiber discount. There is no provision for 
premiums for protein in excess of specifications. Processors wiU also sell excess huUs 
as mill run rather than accepting a 2:1 discount on protein, if low protein is a 
problem. Complete soybean meal specifications can be found in the NSPA trading 
rules (5). 
If the yields of soybean meal and extracted oil from a lot of soybeans are known, 
the processed value (the sum of meal, oil and mill run revenues) can be determined 
from market prices for soybean meal, crude soybean oil and miU run. Calculation of 
the processed value of soybeans from protein and oil percentages is a logical extension 
of soybean composition analysis. Buyers need to know the value of what they are 
buying and what they can afford to pay. Growers need the ability to rank varieties 
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and evaluate cultural practices based on anticipated value to the user. Soybean 
breeders need a meaningful criterion to use in long-term selection programs. 
There are considerable variabilities in the protein and oil contents of soybeans (6, 
7, 8). Soybean buyers are becoming more aware of these variabilities and how they 
affect the yield of end-products. For example, export contracts for soybeans shipped to 
Taiwan now specify miTiiTmiTn protein and oil contents of 35% and 19%, respectively 
(9). Interestingly, these are the same as those used in the Chicago Board of Trade 
crush margin statistics. Assuming these percentages to be the long-term U.S. soybean 
averages, these specifications force soybean shipments to Taiwan to be in the upper 
of the distribution in both characteristics. 
The domestic soybean market does not openly pay for higher protein and oil 
contents. If there are to be any direct incentives to grow soybeans of higher protein 
and oil content, it must be demonstrated that there is significant variability in 
soybean processed value. 
The Federal Grain Inspection Service now includes soybean protein and oil 
analysis as optional criteria in the U.S. Soybean Standards (10). As protein and oil 
become more accepted as marketing criteria, traders, growers and plant breeders will 
need a basis for comparing individual lots. A realistic mathematical model of the 
inputs to and outputs firom solvent extraction processing will provide this information. 
The objectives of this study were to: (a) predict the yield of soybean meal, crude 
soybean oil and mill run from soybeans of known protein and oU content^ 0>) deter­
mine the processed value firom product yields; and (c) illustrate variability in processed 
value. 
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MODEL DEVELOPMENT 
End-product Yield 
A model was developed to predict the final yield of soybean meal and crude 
soybean oil firom the processing of a soybean lot. Material balances were written for 
each of the three systems: (A) soybean preparation, (6) oil extraction and (C) meal 
formulation. Total weight, protein, oil and fiber were accounted for on a diy-matter 
basis. An input weight basis of 60 lb (one bushel) was used, although other units 
(e.g., kg, tons, metric tons, tons/hr) could be used. Input variables were converted 
firom an "as is" moisture basis to a dry-matter basis for calculations. The yields and 
compositions of end-products can be a '^usted to any moisture basis. The NSPA 
trading rules limit the moisture of soybean meal to 12.0%. 
A number of processing parameters must be known to predict the yield of soybean 
meal and oil They are shown in Table 1. Values for some variables, although 
probably dependent on soybean composition, were assumed constant because of lack of 
data. A hull composition of 12% protein, 1.5% oil and 35% fiber (12% moisture basis) 
was used. Discussions with a regional soybean processor led to the values assumed 
for this study. 
A program was written in Microsoft QuickBasic to operationalize the model. 
Composition and weight of outputs were calculated for each of the three systems: 
soybean preparation, oil extraction and meal formulation. Input variables to the 
program are raw soybean moisture, protein, oil and fiber content. Outputs of the 
program include weights of extracted oil and soybean meal, meal composition and the 
amount of hulls remaining or added. Figure 1 gives a block diagram of the model. 
'Rfdnmnted Processed Value 
An estimated processed value (EPV) can be used to approximate the value of 
products derived fi-om solvent extraction of soybeans. The EPV of a given lot of 
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soybeans can be calculated from the yields of soybean meal, extracted oil and mill 
run: 
EPV = (Pm)(Wm)/2000 + (Po)(Wo) + (Ph)(Whn)/2000 
-where: EPV = estimated processed value, $/bu. 
Pm = meal price, net after any discounts per trading rules, $/ton. 
Po = oil price, $/lb. 
Ph = hull (mill run) price, $/ton. 
Wm = wei^t of soybean meal, Ib/bu, 
Wo = weight of crude soybean oil, Ib/bu, and 
Whn = net weight of huUs (mill run), Ib/bu 
(can be either positive (addition) or negative (removal)). 
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CASE STUDY SAMPLES 
Analyses firom 10 samples of soybeans were used to illustrate the variability in 
estimated processed value. These samples were among 52 entries in the 1987 Iowa 
State Fair Open Market Soybean Class and were chosen to represent the typical 
range of protein and oil contents as shown in previous studies (6, 7, 8). Protein and 
oil contents were determined with a Dickey-john Instmlmb 800 near-infrared (NIR) 
instrument according to the method described by Hurburgh et aL (6). A whole 
soybean fiber content of 4.4% (13% moisture basis) was assumed (11), although further 
calibration refinements could permit NIR measurement of actual fiber content. 
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BESULTS AND DISCUSSION 
End-product yields of the 10 soybean samples are shown in Table 2. Note that 
samples 1 through 3 must be dehulled to make 44% protein meaL Samples 4 through 
10 had enough protein in the whole soybean so that hulls could be added. DehuUing 
of samples 4-10 would not be necessary to meet 44% protein specifications on the 
soybean meal. A n^ative value for Whn means that hulls &om other lots could be 
used, in addition to all the hulls firom the lot being processed. 
The yield of soybean meal ranged &om 42.0 to 51.0 Ib/bu. The yield of crude 
soybean oil ranged fi-om 11.8 to 9.7 Ih/bu. This is inconsistent with the published 
crush margin assumptions of 48 and 11 Ib/bu of meal and oil, respectively. Had there 
been no limit on fiber, samples 8, 9 and 10 would have produced 50.7, 53.1 and 54.1 
lb of 44% protein meal per bushel, respectively. 
The differences in end-product yields were most evident in the estimated proces­
sed value (EFV) (Table 3). With a meal price of $250/ton, a crude soybean oil price of 
$0.23/lb and a mill run price of $40/ton, EFV was $8.04/bu to $8.57/bu, a range of 
$0.53/bu. The range expands to $0.93/bu if the protein content of meal limited by the 
fiber specification was rewarded with a proportionate premium per unit of protein. 
Any relationship of EFV to protein or oil content individually, or to the sum of 
the two, is useful only for specific meal and crude soybean oil prices. The price 
combination used in thin study is a "meal-driven" market — the value of soybean meal 
is a much greater share of EFV than is the value of crude soybean oil. If different 
market conditions were encountered (e.g., "oil-driven" or "neutral"), there would be a 
different relationship between soybean composition and EFV. However, a soybean lot 
that has higher protein content and higher oil content than another will always have 
the greater EFV, under any price conditions. 
A comparison of this model with the Updaw model (3) is presented in Table 4. 
Samples 1-7 clearly show the effect of no option for dehuUing and subsequent addition 
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of hulls to the meal in the Updaw model The meal protein content varies with the 
raw soybean composition, without r^ard to the standard marketing basis of 44%. It 
is unlikely, for example, that a processor would make soybean meal firom sample 
number 1 without first dehuUing. The yields of meal as predicted by the two models 
are significantly diSerent because the Brumm-Hurburgh (BH) model allows blending 
mill run into the meal. Additionally, without an option for dehuUing in the Updaw 
model, it is not possible to predict yields for high-protein meal, which cannot be made 
firom soybeans of average composition without dehuUing. 
The predicted yield of crude soybean oil is higher in the BH model tVian the 
Updaw model. This is because Updaw assumed a higher residual oil content in the 
meal. Although the BH model could have calculated similar oil yields by using 
Updaw's specification, this illustrates the inability of the Updaw model to adapt to 
different processing conditions. 
The impact of NSPA trading rules on EFV can be clearly seen in Figure 2 where 
lines of iso-EFV are plotted vs. protein and oU contents. These lines were calculated 
by determining the yields of end-products and corresponding EFV for all possible 
combinations of protein and oil content. The slope of the iso-EFV lines was dependent 
on the ratio of meal to oil prices. As that ratio changes, so did the slope. The values 
of the iso-EFV lines were determined by the particular prices used. 
Soybeans of higher oil content or higher protein content did not categorically have 
a higher EFV. For example, soybeans containing 37% protein and 16% oil were not 
as valuable as soybeans containing 34% protein and 21% oil ($8.47/bu vs. $8.64/bu). 
However, under the price conditions presented here, there was a definite advantage in 
increasing protein over oil. The slope of the iso-EFV line in Figure 2 was ap­
proximately -1.25. A unit increase in protein resulted in a larger EFV than a unit 
increase in oil. If the slope were exactly -1, protein and oU would have equal value. 
Slopes less negative than -1 would show an advantage to oil 
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As protein content increases, a point is reached where no additional value is 
gained firom higher protein content. The iso-EFV lines become horizontal Additional 
value is then determined by an increase in oil content alone. This occurs because of 
the fiber limitation on soybean meaL The processor cannot add more hulls, resulting 
in a greater meal yield, without exceeding the fiber specification. Because of the fiber 
discount, the processor will give away protein if making 44% protein meal firom hi^ 
protein soybeans. NSPA trading rules (in particular, the lack of a premium schedule 
for protein in excess of specification) limit the potential for domestic processors to give 
producers an incentive to grow soybeans of higher protein content. However, proces­
sors cannot unilaterally change meal pricing practices because those practices were 
developed by mutual understanding with the feed industry, which is the consumer of 
meal. 
As protein content decreases, the iso-EFV lines are closer together. Small 
changes in protein content have a large effect on EFV. In this range of protein, the 
processor cannot meet the protein specification and will incur the 2:1 protein discount. 
There is an area of instability in the iso-EFV lines. This is caused by the tolerance 
of 0.5 percentage points used when determining whether a protein discount is 
incurred. A small change in protein content of the meal can cause a disproportionate­
ly large change in EFV in tTiim area. For example, meal 0.4 percentage points low in 
protein would not incur a discount, whereas meal 0.6 percentage points would incur a 
discount for the full 0.6 points. 
A similar pattern of EFV exists when high-protein (48%) meal is made (Figure 3). 
The region of closely spaced iso-EFV lines extends to higher protein contents because 
of the higher meal protein specification. Again, there is a limit on the value of 
protein in the raw soybean because of a lack of premiums for meal protein in excess 
of specification. 
23 
The meal price iised to generate Figure 3 (48% protein meal) was the same per 
unit of protein as Figure 2 (44% protein meal). This is iypical of market price 
differentials between 44% and high-protein meaL For a given protein and oil content, 
the EFV for 48% meal is lower than the EFV for 44% meal The processor is unable 
to sell as much low value mill run as 48% meal because the higher protein specifica­
tion limits how much can be added to the meal. The key to maTimizing EFV is to 
balance the production of the two meal products so that all huUs are utilized and 
none need be sold as mill run. 
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Table 1. Variables and processing parameters used in the soybean processing model 
Assumed values 
System Descriution Svmbol Units for example 
Soybean preparation Input weight Wa lb 60.0 
Hull weight Wh lb JL 
Percentage removed Pah % 10.0 
by dehulling 
Hull moisture Phi % 12.0 
Hull protein Ph2 % 12.0 
Hull oil Ph3 % 1.5 
Hull fiber Ph5 % 35.0 
Flake -weight Wb lb 
Flake protein Pb2 _a 
Flake oil PbS %•» 
Flake fiber Pb5 %*> » 
Oil extraction Oil weight Wo lb _a 
Spent flake weight Wc Ib^ 
Spent flake protein Pc2 %'• .« 
Spent flake oil Pc3 %  ^ 0.5 
Spent flake fiber Pc5 _a 
Meal formulation' Hull input weight Wch lb 
Meal weight Wd % 
Meal moisture Pdl % 12.0 
Meal protera Pd2 % _« 
Meal oil Pd3 % .a 
Meal fiber Pd5 % 
Net hulls Whn lb 
Percentage of 44% 
vs. high-protein P44 % 100.0 
Soybean inputs Moisture Pal % variable 
Protein Pa2 % variable 
Oil Pa3 % variable 
Fiber Pa5 % 4.4"^ 
"Calculated in the mass balance. 
^asis 0.0% moisture for calculation purposes only. 
'X)ption to produce 44% meal, high-protein meal or a mix of both. 
^Basis 13.0% moisture. 
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Table 2. End-product yield for 10 soybean samples from the 1987 Iowa State Fair 
Open Market Class 
Sample 
Number 
Protein 
(Pa2) 
(%f 
Oil 
(Pa3) 
(%r 
Extracted 
Oil 
(Wo) 
(Ib/bu) 
Soybean meal^ 
Weight Protein 
(Wd) (Pd2) 
fib/buy 
Net hulls 
remaining 
(Whn) 
flb/bu) 
1 31.6 20.1 11.8 42.0 44.0 3.9 
2 33.1 18.9 11.0 44.6 44.0 2.2 
3 33.9 19.0 11.1 46.1 44.0 0.6 
4 34.6 18.1 10.6 47.2 44.0 -0.2 
5 34.8 19.1 11.2 47.9 44.0 -1.1 
6 35.5 18.2 10.6 48.9 44.0 -1.6 
7 35.5 17.7 10.3 48.8 44.0 -1.1 
8 36.6 17.5 10.2 50.2 44.3 -2.5 
9 38.0 16.6 9.7 51.0 45.3 -2.7 
10 38.4 17.4 10.1 50.3 46.3 -2.5 
^Protein specification of 44%. 
*'13.0% moisture basis. 
''Assuming 7.0% fiber TnnyiTmim Samples 8-10 limited by fiber specification. 
^Basis 12.0% moisture. 
28 
Table 3. EFV for 10 soybean samples firom the 1987 Iowa State Fair Open Market 
Soybean Class 
Estimated processed value ŒPV) ($/bu) 
Protein Oil Without protein With protein 
Sample nremmm premium 
1 31.6 20.1 8.04 8.04 
2 33.1 18.9 8.15 8.15 
3 33.9 19.0 8.32 8.32 
4 34.6 18.1 8.32 8.32 
5 34.8 19.1 8.52 8.52 
6 35.5 18.2 8.52 8.52 
7 35.5 17.7 8.44 8.44 
8 36.6 17.5 8.57 8.63 
9 38.0 16.6 8.54 8,77 
10 38.4 17.4 8.57 8.97 
'13.0% moisture basis. 
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Table 4. A comparison of product yield firom soybean crushing as predicted by the 
Brumm-Hurburgh and Updaw et aL (3) mod^ 
RniTnTn-Hurburgh* Undaw et al.** 
Meal" Meal" 
Protein Oil, Oil Meal" Protein Oil Meal" Protein 
Samnle {%f flb/bu) (Ib/bu) (%) Qb/bu) (Ib/bu) (%) 
1 31.6 20.1 11.8 42.0 44.0 11.6 45.5 41.8 
2 33.1 18.9 11.0 44.6 44.0 10.9 46.3 43.0 
3 33.9 19.0 11.1 46.1 44.0 10.9 46.2 44.1 
4 34.6 18.1 10.6 47.2 44.0 10.4 46.9 44.4 
5 34.8 19.1 11.2 47.9 44.0 11.0 46.2 45.3 
6 35.5 18.2 10.6 48.9 44.0 10.4 46.8 45.7 
7 35.5 17.2 10.3 48.8 44.0 9.8 47.1 45.3 
8 36.6 17.5 10.2 50.2 44.3 10.0 47.3 46.6 
9 38.0 16.6 9.7 51.0 45.3 9.5 47.9 47.9 
10 38.4 17.4 10.1 50.3 46.3 9.9 47.3 48.9 
Averages 35.20 18.21 10.66 47.70 44.39 10.44 46.75 45.30 
"7.0% fiber limitation by NSPA trading rules, hulls added to dehuUed meal to 
obtain 44% protein unless fiber is limiting. 
^No dehulling or addition of hulls to the meaL 
'Basis 12.0% moisture. 
^Basis 13.0% moisture. 
30 
Wa Pa2 
Pa3 
PaS 
Wh 
Ph2 
Ph3 
PhS 
Pb2 
Wb Pb3 
I PbS 
Wo 
PC2 
C Pc3 
L Pes 
W1c W2c 
P44 
PidS P2dS 
Whn 
System 2C 
High-protein 
meal 
System 1C 
44% meal 
System A 
Soybean Preparation 
System B 
Oil Extraction 
Figure 1. Block diagram of the mass balance model, showing the production of both 
44% protein and high-protein meal 
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Mill Run Price: $40/ton 
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Figure 2. Iso-EPV lines ($/bu) for soybean protein and oil content based on a 
specified soybean meal protein of 44% 
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Figure 3. Iso-EPV lines ($/bu) for soybean protein and oil content based on a 
specified soybean meal protein of 48% 
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ABSTRACT 
Drought stress created shriveled and wrinkled (S/W) soybeans in the 1988 
soybean crop. Seven lots of 1988 soybeans were examined to validate the Federal 
Grain Inspection Service (FIGS) definition of S/W. Lots were subdivided into sized 
fractions with both slotted and round-hole screens. Shriveled and wrinkled soybeans 
were found in all size fractions, whether those fractions were determined by a slotted 
or a round-hole screen. None of the size fractions adequately isolated or characterized 
S/W soybeans. The FGIS definition of shriveled and wrinkled does not consider larger 
wrinkled soybeans, but only shriveled soybeans passing through a 10/64" by 3/4" 
slotted screen. The most accurate deteimination of S/W soybeans can be made by 
examining the entire soybean sample, not a sized fraction. 
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INTRODUCTION 
The 1988 drought in the Midwest resulted in some harvested soybeans having 
atypical size and appearance, primarily because of shriveled and wrinkled (S/W) seed 
coats. This condition resulted &om hot and dry weather during the maturity period 
(1). There are three distinct types of shriveled and wrinkled conditions: (I) misshapen 
seeds, shriveled and wrinkled; (U) round seeds with a wrinkled seed coat^ and (m) 
dented, misshapen seeds with no wrinkles (Figure 1). These deformed seeds range in 
size just as do whole, sound soybeans. 
Soybean processors expressed concern about the processing of such misshapen 
soybeans (2). The S/W condition of the beans seemingly made it difGcult to remove 
the hull (seed coat). Dehulling is necessary to make high-protein (47-49% crude 
protein) soybean meal or to make low-protein (44% crude protein) meal from whole 
soybeans of low protein content (3). Incomplete dehulling will have a significant 
impact on a processor's ability to make soybean meal of a desired protein content. 
On September 15, 1988, the Federal Grain Inspection Service (FGIS) issued a 
definition for SAV soybeans as an optional factor that could be reported on the 
inspection certificate (2). This definition responded to processor concerns over 
unexpected levels of S/W soybeans. The percentage of S/W soybeans, by the FGIS 
definition, is determined by sieving 125 g of the sample over a 10/64" by 3/4" slotted 
screen. Inspectors manually remove all whole soybeans (both S/W and smooth) from 
the material that passes through the screen. Any undamaged, smooth soybeans are 
considered sound. Damage refers to the U.S. Grade Factor total damage which 
includes weathered, moldy and discolored soybeans (4). The weight percentage of non-
damaged S/W soybeans is reported on the inspection certificate in the remarks section. 
Any wrinkled soybeans remaining on top of the screen are considered sound soybeans 
(unless damaged). This definition seemingly determines shriveled soybeans (shrunken 
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seeds with deformed surface texture) but excludes larger, wrinkled soybeans. Sieving 
has the advantage of reducing the amount of sample the inspector must examine. 
The percentage of splits (i.e., undamaged soybeans with more than 1/4 of the 
bean removed) is routinely measured in market-channel soybeans. A 125-g sample is 
sieved with a 10/64" by 3/4" slotted screen to facilitate splits determination. Because 
not all splits pass through the screen, the entire sample is examined (4). Splits are 
reported as a percentage of the total weight. Use of the slotted screen for S/W 
determination thus simplifies the inspection procedure. The same separation can be 
used for determination of both split and S/W soybeans. 
There is little or no scientific data or published information on S/W soybeans in 
market-channel soybeans. The size distribution of wrinkled soybeans is unknown. A 
significant portion of wrinkled soybeans could remain on top of a 10/64" by 3/4" 
slotted screen. These beans would not be included in the reported percentage. 
The objectives of thiw research are to: (a) determine the size distribution of 
shriveled and wrinkled soybeans; and (b) evaluate the current FGIS definition, propos 
ing an alternative if appropriate. 
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MATERIALS AND METHODS 
Seven lots of soybeans (2 to 20 kg), all with some level of shriveled and wrinkled 
seeds, were obtained from the 1988 crop — four from farmers and three from seed 
companies. AH soybeans came fit>m areas of Iowa that had significant drought 
conditions. Each seed lot contained a single, but unknown, variety of soybeans. 
Moisture contents of the seven lots varied from 8.8% to 11.3% as measured by a 
Dickey-john GACn moisture meter. All sublots used in this study were created with 
a Boemer divider. 
Sublots of approximately 125 g were used to determine the amount of S/W 
soybeans according to the FGIS definition. Two size fractions were generated by hand 
screening: 10s+ (soybeans remaining on top of a 10/64" by 3/4" slotted screen) and 8-
10s (soybeans passing through a 10/64" by 3/4" slotted screen but remaining on top of 
an 8/64" round-hole screen). AH material passing through an 8/64" round-hole screen 
and hand-picked nonsoybean material is defined as foreign material (FM) (4) and was 
discarded. 
On different sublots, three size fractions were made by using round-hole (RH) 
screens in a Carter-Day Dockage Tester: 8-12 (passing through a 12/64" RH screen, 
but remaining on top of an 8/64" RH screen); 12-16 (passing through a 16/64" RH, but 
remaining on top of a 12/64" RH); and 16-20 (passing through a 20/64" RH, but 
remaining on top of a 16/64" RH). FM frx>m these sublots was also discarded. None 
of the samples had more than 0.5% (by weight) remaining on top of a 20/64" RH 
screen. These fractions were further subdivided to obtain 125 g for S/W determina­
tions. 
Unlike other forms of soybean damage, there are no Interpretative Line Slides for 
reference in the determination of S/W soybeans. Discussions with a local federal grain 
inspection agency led to creating reference standards of S/W soybeans mounted on 
cards. All three types pictured in Figure 1 were counted as shriveled and wrinkled. 
39 
Shriveled and wrinkled soybeans were hand-picked from each of the size fractions. 
The weight of S/W soybeans in each fraction was reported as a weight percentage of 
the total lot of clean, FM-fr«e soybeans. The average of two determinations from 
duplicate sublots was used. The difference between duplicates never exceeded 2.5 
percentage points. 
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RESULTS AND DISCUSSION 
Shriveled and wrinkled soybeans were distributed over all size fractions used in 
this study. Table 1 lists the results from the slotted screen fractions. Table 2 the 
round-hole screen fractions. The tables list both the percentage of S/W seeds mnH all 
seeds (including S/W) in each size fraction. In the fractions generated with the 
slotted screen, most of the S/W soybeans remained on top of the screen. In only one 
sample did the amount of S/W soybeans passing through the screen exceed the 
amount remaining on top. Shriveled and wrinkled soybeans were found in all 
fractions generated by the round-hole screens, with most in the 12-16 size. 
The small discrepancies between the total amount of S/W soybeans by using the 
slotted and round-hole screens were not significant. The standard deviation of total 
S/W differences between slotted-screen and round-hole screen determinations was 0.95 
percentage points. The standard deviation for individual S/W determinations across 
duplicates was 0.54 percentage points. 
The FGIS definition, by ernmining only the 8-lOs fraction, misses a large portion 
of shriveled and wrinkled soybeans. This is illustrated more clearly in Figure 2, 
where the percentages of the total amount of S/W soybeans within each of the two 
slotted fractions are shown. Except for one sample, most of the S/W soybeans were in 
the 10s+ fraction. The relative proportion of S/W soybeans was not constant between 
the two fractions. Similarly, there was no round-hole size fraction that contained a 
constant proportion of S/W soybeans (Figure 3). Most were in the 12-16 fraction, 
which generally contained the majority of sound beans. 
Because the samples in this study showed large variability in the size distribution 
of S/W soybeans, it is unlikely that any constant-sized proportion of S/W soybeans 
exists in market-channel soybeans. Separation by size did not isolate wrinkled 
soybeans. A more accurate method would be to examine the -whole soybean sample. 
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Althou^ such a procedure would increase inspection time, conditions conducive to 
S/W soybeans are infrequent and localized. 
Determination of shriveled and wrinkled soybeans is a subjective test. A set of 
Interpretive Line Slides, aimilar to those that exist for other forms of soybean damage, 
would promote uniform grading of this deformity and would make information derived 
from SfW determinations more useful 
The extent to which S/W conditions impact soybean processing is unknown. 
Large, wrinkled soybeans may not cause the same problems as do smaller shriveled 
soybeans. Further research is necessary to quantify the processing properties of S/W 
soybeans. 
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Table 1. Weight percentage of soybean seeds in slotted screen fractions 
Percent bv weight of total, dean. FM-free sample 
8-10b 10B+ 
Total 
Samnle sm All seeds S/W All seeds sm 
1 2.3 7.5 13.9 92.5 16.3 
2 1.4 4.8 13.5 95.2 14.9 
3 11.3 15.0 33.8 85.0 45.1 
4 3.1 6.0 29.3 94.0 32.4 
5 18.0 38.9 7.8 61.1 25.8 
6 4.7 9.5 11.6 90.5 16.4 
7 10.7 22.5 15.2 77.5 26.0 
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Table 2. Weight percentage of soybean seeds in round-hole screen fractions 
Percent bv weight of total, dean. FM-free sample 
8-12 12-16 16-20 
Samnle S/W All seeds SAV All seeds SfW All seeds 
Total 
SAV 
1 0.0 0.3 11.0 45.6 7.6 54.1 18.6 
2 0.0 1.0 10.4 68.9 3.4 30.1 13.8 
3 1.0 3.3 42.2 88.4 2.5 8.2 45.7 
4 0.1 0.8 28.1 68.1 5.8 31.1 34.0 
5 2.2 5.8 22.8 88.0 0.5 6.2 35.5 
6 0.0 0.7 11.9 58.1 6.3 41.2 18.2 
7 1.0 3.5 18.4 80.3 4.9 16.2 24.3 
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Figure 1. Types of shriveled and wrinkled soybeans 
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Figure 2. Percentage of total shriveled and wrinkled soybeans in slotted screen fractions 
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Figure 3. Percentage of total shriveled and wrinkled soybeans in round-hole screen fractions 
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ABSTRACT 
Midwest drought conditions in 1988 resulted in soybeans with shriveled and 
wrinkled seed coats. Processors expressed concerns about the processing of such 
misshapen seeds. The olgective of this research was to determine the cracking and 
dehulling properties of shriveled and wrinkled (S/W) soybeans. Five lots of soybeans, 
two sound lots and three containing shriveled and wrinkled seeds, were cracked and 
dehulled, as were sized and sorted fractions of these lots. Processing variables (% 
aspiration liftings, fiber removal in the liftings, % fines in the liftings, protein 
recovery, oil recovery, meats size distribution and oil-free meats fiber content) 
indicated significant differences between whole sound lots and whole lots containing 
S/W. There were differences in processing properties between these three types of 
soybeans (from best to worst): sound soybeans firom sound lots, sound soybeans from. 
lots containing S/W beans and S/W soybeans. Size had an effect on processing; 
smaller beans did not process as well. The economic impact of S/W conditions was 
estimated by using a simulation model of soybean processing. Although the presence 
of S/W soybeans affected cracking and dehulling properties, it had a negligible effect 
on the Estimated Processed Value per Bushel (EPVB). Calculated blends of sound 
and S/W lots containing 20% S/W seeds had a decrease in EPVB of less than 0.2%. 
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INTRODUCTION 
The 1988 drought in the Midwest resulted in some harvested soybeans having 
atypical size and appearance, primarily firom shriveled and wrinkled (S/W) seed coats. 
This condition was the result of hot and dry weather during the maturity period of 
the soybean crop (1). Soybean processors expressed concern about the processing of 
such misshapen soybeans (2). Some believe the S/W condition makes it difBcult to 
remove the hull (seed coat). DehuUing is a common processing step in the Tnilling 
and direct solvent extraction of soybeans, the predominant method of soybean 
processing. DehuUing is necessary to make high-protein (47-49% crude protein) 
soybean meal and to make low-protein (44% crude protein) firom soybeans of low 
protein content (3). Incomplete dehulling will have a significant impact on a proces­
sor's ability to make soybean meal of a desired protein content and may increase oil 
loss to the hulls. Concern over the S/W problem was great enough that the Federal 
Grain Inspection Service issued a definition for S/W soybeans (2). 
Soybean processing includes three nu^or steps: soybean preparation (cleaning, 
drying, cracking, dehulling by aspiration and flaking), direct solvent extraction and 
meal formulation. There are many published discussions of soybean processing in 
general (4, 5, 6) that include suggested operating conditions. 
Concerns about S/W soybeans center around the preparation step, specifically the 
amount and composition of material removed by aspiration after cracking. The 
amounts of protein and oil remaining with the meats (the inner part of the soybean 
seed) should be maximized. The amoimt of fibrous hull remaining with the meats 
should be minimized. The hulls should be low in protein and oil. The size distribu­
tion of the cracked meats is important for proper flaking. 
There is little or no information that documents the effect of shriveled conditions 
on processing. To what extent are S/W soybeans more difficult to dehull? Does the 
seed coat remain attached to the inner meats? Are the meats higher in fiber content 
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because of incomplete dehuUing? Does less of the total protein and oil in the soybean 
remain with the meats? Is size an important criterion? Do more meats, thus more 
oil and protein, remain attached to hulls that are removed? Could sizing the seed 
remove soybeans with poorer processing characteristics? 
If the extent of processing deficiencies can be established, then the economic loss 
due to S/W conditions can be determined. Bruxom and Hurbiugh (3) developed a 
model of soybean processing, in which conditions such as dehuUing efficiency can be 
varied. This model could be used to evaluate the economic impact of S/W soybeans, 
given estimates of the physical problems caused by the S/W condition. 
The objective of this research was to determine the cracking and dehuUing 
properties of shriveled.and wrinkled soybeans. Specific objectives were to: (I) deter­
mine differences in processing characteristics among whole lots of soybeans containing 
various levels of S/W soybeans; (11) determine differences in processing characteristics 
among sized firactions of sound soybeans firom sound lots, sound soybeans firom lots 
containing S/W soybeans, and S/W soybeans; and (III) evaluate the economic impact of 
S/W soybeans. 
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MATERIALS AND METHODS 
Five lots (250 kg each) of soybeans were used in this study, all collected firom 
farmers in central Iowa. Lots 1 and 2 were sound soybeans, containing less than 
0.5% (by weight) shriveled and wrinkled soybeans. Lot 1 was 1988 crop Corsoy 79 
soybeans and lot 2 was a mixture of 1987 crop soybeans. Lots 3, 4, and 5 aU 
contained significant amounts of shriveled and wrinkled soybeans. These three lots 
were each of a single, but unknown, variety. All subsamples in this study were 
obtained by using a Boemer divider. 
Sized subsamples firom all lots were obtained with round-hole (KH) and slotted 
screens in a Carter-Day Dockage Tester (Figure 1). Four sized firactions were 
generated: 8-108 (soybeans passing through a 10/64" by 3/4" slotted screen but 
remaining on top of an 8/64" RH screen), 108+ (soybeans remaining on top of the 
10/64" by 3/4" slotted screen), 12-16 (remaining on top of a 12/64" RH screen, but 
passing through a 16/64" RH screen), and 16-20 (remaining on top of the 16/64" RH 
screen, but passing through a 20/64" RH screen). All material passing through an 
8/64" RH screen and all hand-picked nonsoybean material was foreign material (FM) 
(7) and was discarded. Damaged soybeans (7) were also discarded. Only one of the 
samples had more than 0.5% (by weight) remaining on top of an 20/64" RH screen or 
passing through a 12/64" RH screen. The exception was lot 4 in which 3.3% passed 
through the 12/64" screen. To maintain experimental design, this fi'action was not 
processed. The 8-lOs Auction for lot 1 was less than 1.0% and was not processe<^ lot 
2 had 3.3% in thim firaction and also was not processed to maintain experimental 
balance. 
Within each size category of lots 3, 4 and 5, soybeans were hand-sorted into two 
conditions, sound and S/W. Soybeans with any degree of sur&ce wrinkling were 
counted as shriveled and wrinkled (8). The FGIS definition of S/W soybeans only 
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examinee soybeans in the 8-lOs size fraction and therefore was not used. Enough 
soybeans were sorted to generate approximately 1 kg of each condition. 
The sorting operation produced three types of soybeans: sound soybeans firom 
sound lots, sound soybeans firom lots containing S/W soybeans and S/W soybeans. 
Duplicate samples of approximately 500 g from each lot, size and condition (sound 
and S/W) combination were dried in a hot-air dryer (maximum air tenq)erature 70 C) 
to remove approximately 2 percentage points of moisture. This was a necessary step 
for dehuUing — the shrunken inner meat detaches &om the outer hull, facilitating 
good separation. The dried samples were tempered for 7 days in sealed containers at 
room temperature. 
After the tempering period, weight and moisture content (9) were determined. 
Each sample was then cracked in a Ross-Ferrier 10X12G cracking mill. Mass flowrate 
into the mill was approximately 0.5 kg/min. The clearance between cracking rolls 
(0.25 cm) was a^usted ia start-up trials with an independent lot of sound, whole 
soybeans to give a meats particle size distribution that met the recommendations of 
Barger (on 6-mesh, 10-15%; on 10-mesh, 60-70%; on 20-mesh, 5-15%; and through 20-
mesh 0-3%) (4). 
The samples were immediately aspirated in a Kice Model 6DT4 Aspirator, 
previously at '^usted on the start-up lot for minimum meats carry over in the liftings. 
Material entered the aspirator at approximately 0.2 kg/min and was subjected to a 
TTinyiTmiTn air velocity of approximately 7.7 m/sec in each of six passes (10). The 
weight and moisture content (11) were determined for the meats and liftings. 
Samples were stored in sealed containers for further analysis. 
Composition of whole beans, meats, and liftings was determined: crude protein 
(12), oil (13) and crude fiber contents (14). Particle size distributions of the meats 
and liftings was determined using a 6-mesh sieve (US Standard #6, 3.36-mm nominal 
openings), a 10-mesh sieve (US Standard #12, 1.68-mm openings), and a 20-mesh sieve 
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(US Standard #20, 0.841-nmi openings) (15). All weights and composition percentages 
were a '^usted to a dry-matter basis. 
The dry weights of the protein, oil and fiber in the meats and liftings were 
compared with initial composition of the whole beans. Between 95 and 100% of the 
protein, 90%-98% of the oil and 105%-115% of the fiber was accounted for in the 
processed tactions. Some of the deficiency was dry-matter loss, which averaged 1.1% 
for all samples. Grinding liftings for chemical analyses yielded a greater proportion of 
smaller particle sizes than from the meats or whole beans, as determined by sieving 
with a 40-mesh sieve (US Standard #40, 0.420-mm nominal openings) and a 100-mesh 
sieve (US Standard #100, 0.149-nmi openings) (15). Smaller particle sizes resulted in 
a higher yield of oil in determination by ether extraction (16). Thus, oil was under-
predicted for the whole beans and meats relative to the liftings. Since fiber analysis 
was performed on an oil-free sample, mathematical adjustment for oil content resulted 
in relatively high whole bean and meats fiber content. There was no correlation 
between the percentage of protein, oil or fiber recovered in the two processing 
fractions and any of the treatments (lot, size or type). Although dry-matter losses and 
analysis problems may have made the absolute values slightly inaccurate, relative 
differences among treatments should be valid. 
Cracking and dehuUing properties were evaluated by considering the following 
variables (all on a dry-matter basis): liftings (% of initial weight removed by aspira­
tion); fiber removal (% of initial fiber removed by aspiration); protein recovery (% of 
initial protein remaining in the meats after aspiration); oil recovery (% of initial oil 
remaining in the meats after aspiration); fines in liftings (% of initial weight of 
particles in liftings passing through a 20-mesh sieve); size distribution in the meats 
(% large - particles remaining on a 6-mesh sieve, % medium - passing through 6-
mesh but remaining on 10 mesh, % small - passing through 10 mesh but remaining 
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on 20-mesh); and oil-firee meats fiber content (% dry basis). Initial weight was the 
dry matter weight of the soybeans entering the cracking milL 
Treatment effects were evaluated by using the PC-SÂS Generalized Linear Model 
procedure (17). The analysis of variance tables for each objective are given in Tables 
1 and 2. When size was a factor, separate analyses were performed for round-hole 
and slotted screen factions because these two firadions are not mutually exclusive. 
Differences between effect means were examined by using contrasts (18) for objective I 
and Least Significant Differences (19) for the second otgective. 
The economic impact of S/W soybeans was determined using "SPROC," a computer 
model that simulates a direct solvent extraction plant that processes soybeans (3). 
The model calculates the Estimated Processed Value per Bushel (EFVB), which is the 
sum of revenues fi^om the products (soybean meal, crude soybean oil and mill run) of 
soybean processing. EFVB was calculated by using the National Oilseed Processor's 
Association trading rules (20) and protein premiums for meal protein in excess of 
specifications. Product prices used were: 44% protein meal, $183.10/ton; 48% protein 
soybean meal, $199.75/ton; and crude soybean oil, $0.193/lb. Processing parameters 
specified by the model (percent liftings, liftings oil content and liftings fiber content) 
were ac^justed based on the results of the processing portion of the study. 
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RESULTS AND DISCUSSION 
RnTWTilft Characteristdcs 
The results of proximate analyses are given in Table 3. There was no coirelation 
between composition and the size or S/W condition within a lot. Lots 4 and 5 had 
greater fiber contents than the other lots. Soybean lots containing more small or 
shriveled and wrinkled seeds had a larger ratio of surface area to volume. Because 
the hull (surface) was higher in fiber content than the rest of the seed, a greater 
overall fiber content was expected. 
Table 4 gives the distribution of size and SAV soybeans for each lot. Shriveled 
and wrinkled soybeans were distributed across all sizes of beans. The S/W lots (3, 4 
and 5) had a larger proportion of soybeans of smaller size. 
Objective I 
There were significant differences in processing between sound soybean lots and 
lots containing shriveled and wrinkled soybeans. Analysis of variance (Table 1) 
showed that the effect of lot significantly affected all processing variables. Table 5 
gives the means of the processing variables by lot condition. 
The S/W lots had moisture contents lower than the sound lots. Some of the 
processing variables showed some correlation with moisture content^ e.g., percent 
liftings had a correlation coefficient of 0.62. However, when correlations were 
examined within lot lype (sound or S/W) where there were also differences in mois­
ture, they were no longer significant. The differences in moisture contents were 
coincidental and did not effect processing variables between lots. 
The S/W lots had more of the initial weight removed as liftings. The S/W liftings 
had more fines than the sound liftings. In all cases, the amounts of fines in the 
liftings were large. The moisture content of these soybeans were extremely low as 
they entered the cracking mill (6.3% to 7.6%); thus, the beans shattered more when 
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cut by the cracking rolls. Also, the cracking mill used in this study was not specifi­
cally designed for soybean cracking — a different corrugation on the rolls could have 
reduced the generation of fines. Despite the large absolute amount, the relative effect 
of treatments should be valid. 
The meats size distribution of the S/W soybeans was better than that for the 
sound soybean lots, on the basis of Barger's recommendations. The cracking mill was 
adjusted by using a start-up lot that was approximately 2.5 percentage points higher 
in moisture. Hence, the mill could have been improperly adjusted for the sound lots. 
However, if the roller spacing was tightened to improve the size distribution of the 
sound soybeans, more small pieces would be geiierated in the S/W lots. This would 
cause problems when the S/W lots are flaked. A number of whole soybeans appeared 
in the large meats fi-action of the S/W lots. They passed through the cracking mill 
without being broken. The abnormal shape of shriveled and wrinkled soybeans (a 
large proportion of flattened and elongated seeds) was a contribudng factor. 
More oil was recovered in the meats firom sound lots than fi-om the S/W lots, 
although there were no differences in fiber removal or protein recovery. The protein 
and oil recoveries for all lots were smaller than desired. This can be attributed to the 
large generation of fines, which contain material that should remain with the meats. 
The overall fiber removal agrees with what is generally found in dehuUing operations. 
However, a difference between S/W and sound lots was expected, in light of the 
supposed dehuUing problems and the occurrence of uncracked soybeans in the S/W 
meats. 
The S/W lots had much greater meats oil-firee fiber contents (an indicator of the 
fiber content of the defatted meats). Inasmuch as the S/W lots had greater initial 
fiber contents, the same percentage fiber removal in the sound and S/W lots resulted 
in this greater meats fiber content. There may be problems in the meal formulation 
step with S/W lots; high-protein meal has a typical limitation of 3.4% to 3.7% fiber 
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(dry-matter basis). Anything higher will incur a price discount, lessening the product 
value. 
Objective II 
Soybean type (sound seeds, sound seeds from lots containing shriveled and 
wrinkled soybeans, and SAV soybeans) had a significant effect on processing. Analysis 
of variance (Table 2) showed that type was significant for all processing variables with 
these exceptions: fiber removal (round-hole firactions); and protein and oil recoveries 
(slotted fractions). Tables 6 and 7 give the processing results for this part of the 
study. 
In general, fractions from sound soybean lots had the least amount of liftings, the 
smallest amount of fines in the liftings, the largest fiber removal, and the largest 
protein and oil recoveries. As with the whole lots, the size distribution of the meats 
was better for soybeans frt>m S/W lots, but proper adjustment of the cracking mill 
would change this. The soybeans fit>m the S/W lots also showed a greater oil-free 
meats fiber content. Again, this may cause problems when making high-protein 
soybean meal. 
There was a difference between S/W soybeans and sound soybeans from the same 
lot. The environmental conditions that created the S/W seeds in these lots also 
affected seeds that had no visual evidence of S/W seed coats. Although the sound 
beans from S/W lots processed better than the S/W beans, they were still worse than 
sound beans from sound lots. Examination of the sound beans from S/W lots showed 
that they were more oblong in shape, despite a smooth seed coat. Cracking mills 
adjusted to properly crack the proportionally larger and more spherical sound soy­
beans from sound lots may not adequately crack these seeds. Visual inspection of 
surface texture may be an inadequate gauge of potential processing problems with 
soybean lots containing shriveled and wrinkled seeds. 
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Size also had a significant effect on processing, in firactions generated by both 
round-hole screens and the slotted screen. Size was a significant factor for all 
processing variables, except: oil recovery and the percentage of large meats (slotted 
firactions); protein and oil recoveries, liftings fines and oil-firee meats fiber content 
(round-hole firactions). In general, smaller seeds did not process as well as larger 
seeds. Decreasing the clearance between cracking rolls is not a solution because the 
resulting size distribution of the meats would be unacceptable. Perhaps some 
concurrent adjustment of both the cracking and flaking operations is necessary to 
optimize the processing of S/W soybeans. 
The processing results for the sized and sorted firactions were additive. The 
processing variables (% liftings, fiber removal, etc.) of each firaction summed to within 
2 percentage points of that of the whole lots when weighted by the fi-action's weight 
percentage of the unsized, unsorted sample. This was true for both the slotted and 
round-hole screen firactions. Because of the subjective nature of S/W determination 
(9), this is acceptable. Additivity means that the processing properties of blends can 
be predicted if the properties of the firactions are known. 
Objective HI 
Changes in processing properties for S/W soybeans and sound beans firom S/W lots 
relative to sound lot soybeans are given in Table 8. The average S/W lot in this 
study contained 31.2% S/W soybeans and 68.8% sound. Because the effects of size 
and condition are additive, a weighted mean can be calculated. The S/W lots had an 
increase in lifidngs of 17.2%, a decrease in fiber removal of 4.6% and a decrease in oil 
recovery of 0.3%. The average composition of the S/W lots was 33.6% protein, 19.5% 
oil and 5.6% fiber (basis 13.0% moisture). 
An actual soybean processing plant will rarely process S/W lots without some sort 
of blending taking place, either firom on-site storage and handling or firom mixing in 
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the market chamiel before receiving. Hypothetical blends of sound lot soybeans and 
the average SAV lot in this study were calculated. Three different sound lot composi­
tions were used: 33% protein, 20% oil; 35% - 19%; and 37% - 18%, all at 4.4% fiber 
(basis 13.0% moisture). The S/W content of the blends ranged firom zero to thirty 
percent. The blend composition varied with the S/W content. The processing 
variables, percent liftings, liftings oil content and liftings fiber content were adjusted 
by using mass balances and the results in Table 8. 
The Estimated Processed Value per Bushel (EPVB) was calculated for each blend. 
Two meal protein specifications were used, 44% protein (low-protein meal) and 48% 
protein (high-protein meal). The EPVB of sound lot soybeans at the same protein and 
oil content of the blend was also calculated. The difference in the two EPVBs isolates 
the effect of shriveled and wrinkled conditions firom the effect of changes in composi­
tion due to blending. Table 9 presents the results for blends with sound-lot protein 
and oil contents of 35% and 19%, respectively. 
The differences between the EPVB of the sound and blended lots were small in 
all cases (Figures 2 and 3). The largest differences were $0.03/bushel for low-protein 
meal, and $0.04/bushel for high-protein meal Peaks in the curves were caused by 
different meal compositions among blends and sound lots of the same protein and oil 
content. Because meal pricing is not linear (discounts and premiums occur at discrete 
levels of meal quality), the EPVB differences were not linear. Because the EPVBs 
were rounded to the nearest cent, the differences may not even be as significant as 
they seem. 
Blends resulting in 20% SAV, a level that might be encountered by processors 
receiving S/W soybeans, had an average EPVB difference of only $0.01/bushel for both 
low- and high-protein meal This is less than 0.2% of the processed value. Although 
the presence of S/W soybeans affected processing properties, end-product value was not 
significantly affected. 
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Shriveled and wrinkled soybeans could have an influence on plant operations 
the characteristics of various material streams in the plant change. Equipment 
adjustments may be needed to minimize potential problems. 
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Table 1. Analysis of variance table for objective I 
Degrees of 
Source freedom F-value 
Lot 4 P4_B 
Error 5 
Total 9 
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Table 2. Analysis of variance tables for objective II 
Round-hole screen fractions Slotted screen fractions^ 
Source 
Degrees of 
fireedom P-v^l^iç 
Degrees of 
freedom F-value 
Type^ 2 2 ^2^3 
Size 1 1 
Type X size 2 1*2^ 1 
Error 26 23 
Total 31 27 
^Interaction degrees of fireedom reduced because only one slotted screen firaction 
was processed for sound lots. 
Types: sound soybeans firom sound lots, sound soybeans firom lots containing 
S/W soybeans, S/W soybeans. 
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Table 3. Composition of samples, whole beans 
Lot Condition 
Moisture 
after drying 
(%) 
Protein" 
(%) 
Oil" 
(%) 
Fiber" 
(%) 
1 Sound 7.6 33.5 19.9 4.9 
2 Sound 7.5 33.1 20.2 5.1 
3 S/W 7.1 33.4 19.7 5.2 
4 S/W 6.7 34.1 19.3 5.9 
5 S/W 6.3 33.4 19.6 5.7 
"Basis 13.0% moisture. 
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Table 4. Size distribution of sound and S/W soybeans 
Percent bv weight of total sample* 
Slotted screen fractions Round-hole screen fractions 
8.10s 108+ 12-16 16-20 
Lot Sound S/W Sound S/W Sound SAV Sound S/W 
1 0.9^ - 99.1 - 39.6 - 60.4 -
2 3.1^ - 96.9 - 55.7 - 44.3 -
3 5.2 2.3 78.6 13.9 34.6 11.0 46.5 7.6 
4= 3.7 11.3 51.2 33.8 46.2 42.2 5.7 2.5 
5 2.9 3.1 64.7 29.3 40.0 28.1 25.3 5.8 
"Total, clean, undamaged, FM-free sample. 
*^ot processed. 
' This lot had 3.3% passing through a 12/64" RH screen and remaining on top of 
an 8/64" RH screen that was not processed. 
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Table 5. Processing data for the whole, unsized, unsorted lots' (1-5) 
Type of lotf* 
Processing variable Sound SAV 
Liftings (%) 15.1 17.9 
Fiber removal (%) 67.2^ 65.5^ 
Protein recovery (%) 89.2® 86.(P 
Oil recoveiy (%) 86.5 84.1 
Liftings fines (%) 3.1 4.2 
Large meats (%) 29.2 15.5 
Medium meats (%) 61.9 73.0 
Small meats (%) 8.4 11.0 
Oil-firee meats fiber content 3.7 4.3 
"Clean, \mdamaged, FM-firee. 
^eans with the same letter are not statistically different at a=0.05. 
Dry-matter basis. 
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Table 6. Processing data for the sorted, slotted screen fractions 
Slotted-Bcreen fraction' 
8-10B 108+ 
Processing 
variable 
Sound 
from SAV** S/W»» Sound" 
Sound 
from SAV^ S/W^ 
Liftings (%) 16.7^ 16.3^ 15.1 16.7* 19.2 
Fiber removal (%) 66.1® 58.4 70.7 66.1® 65.3® 
Protein recovery (%) 89.2° 87.4°'» 88.5° 85.992 84.9® 
Oil recovery (%) 86.2^ 87.4^ 86.5? 85.8* 85.3? 
Liftings fines (%) 2.6 3.0° 2.9° 4.0 4.9 
Large meats (%) 00 15.Gf 28.3 17.3% to 
Medium meats (%) 83.2 77.8^ 62.6 70.8 77.2^ 
Small meats (%) 7.6 6.3 8.7 11.3 12.4 
Oil-free meats fiber 4.6^ 5.3 CO
 
4.2^ 
CO 
content {.%'f 
"Mean of all lots. Means with the same letter are statistically equal at a=0.05. 
'Tiots 3, 4, and 5. 
Tjots 1 and 2. 
^Dry-matter basis. 
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Table 7. Processing data for the sorted, round-hole sized fractions 
Round-hole screen firaddon* 
12-16 16-20 
Processing 
variable Sound** 
Sound 
firom S/W® smp 
Sound 
Sound*" firom S/W® S/W= 
Liftings (%) 14.8*2 17.9° 18.7 13.7* 15.9® 17.9° 
Fiber removal (%) 67.7® 66.4° 64.9°'® 63.7°-® 59.9® 64.8®'® 
Protein recovery (%) 87.1 '^® 85.6° 85.4° 90.1^ 87 2^.0 84.8° 
Oil recovery (%) 86.0^ 86.4"^ 85.1^ 87.9%J 88.9® 84.81 
Liftings fines (%) 2.9K 4.0^ 4.4 3.0% 4.0^ 4.8 
Large meats (%) 29.8 13.3" 9.7 33.4 21.6 14.8^ 
Medium meats (%) 60.6 74.0^ 78.1 58.6 67.7 72.3N 
Small meats (%) 9.1 12.0° 11.6 7.7 10.2 12.2° 
Oil-free meats fiber 3.8 4.m 4.4Q3 3.6? 4.3® 4.2^"® 
content {%'f 
"Mean of all lots. Means with the same letter are statistically equal at a=0.05. 
^ts 1 and 2. 
Iiots 3, 4, and 5. 
^Dry-matter basis. 
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Table 8. Change in key processing variables by soybean condition 
% Change from sound soybean lots 
Condition % Liftings % Fiber removal % Oil recovery 
Sound from S/W lots 14.6 -4.0 0.1 
Pure S/W 23.1 -5.9 -1.2 
Average S/W Lot^ 17.2 -4.6 -0.3 
"68.8% sound firom S/W lot, 31.2% S/W (by weight). 
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Table 9. EFVB calculations for producing 44% protein meal from S/W soybeans 
% SAV 
Protein" 
(%) 
Oil" 
(%) 
Fiber" 
(%) 
Lifting^ 
(%) 
Liftings 
Oil" 
(%) 
LifWngs 
Fiber= 
(%) 
EFVB ($/bu) 
Sound 
EFVB^ ($/bu) 
0 35.0 19.0 4.4 10.0 1.5 35.0 $6.55 $6.55 
5 34.8 19.1 4.6 10.3 1.6 35.3 $6.53 $6.52 
10 34.6 19.2 4.8 10.6 1.7 35.5 $6.49 $6.49 
15 34.3 19.2 5.0 10.8 1.8 35.8 $6.45 $6.47 
20 34.1 19.3 5.2 11.1 1.9 35.9 $6.43 $6.44 
25 33.9 19.4 5.4 11.4 1.9 36.1 $6.41 $6.41 
30 33.6 19.5 5.6 11.7 2.0 36.2 $6.38 $6.38 
"Basis 13.0% moisture. 
height percent of soybeans entering the cracking mill removed by aspiration. 
'Basis 12.0% moisture. 
^EPVB of sound lot soybeans at the same protein and oil content as the S/W 
blend. 
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^Shriveled and wrinkled soybeans 
Figure 1. Flowchart of sizing and sorting operation 
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Figure 2. Differences in EPVB between sound lots and blended lots containing S/W soybeans for production of 44% 
protein meal, for three compositions of sound soybeans 
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Figure 3. DifiFerences in EPVB between sound lots and blended lots containing S/W soybeans for productions of 48% 
protein meal, for three compositions of sound soybeans 
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GENERAL SUMMARY 
Quality can indeed be an important factor in determining the end-uae value of 
soybeans. It was demonstrated that soybean protein and oil contents have a sig­
nificant effect on the Estimated Processed Value (EPV). Variability in EPV can be as 
much as 10% of the purchase price, a significant amount for any product or com­
modity. 
The ability to determine EPV, given quality characteristics, is a necessary step 
towards improving the quality of the U.S. soybean crop. In the U.S. agricultural 
system where market forces exert a great influence, this information is needed in 
order to develop economic incentives for quality changes. Once these incentives are in 
place, the U.S., and regions within the U.S., should be able to improve their competi­
tive positions. 
Not all quality factors have a significant impact on end-use value. Shriveled and 
wrinkled soybeans caused much concern among soybean processors when these beans 
first appeared in the fall of 1988. Even though the level of shriveled and wrinkled 
(S/W) soybeans could be measured, the presence of S/W conditions had minimal impact 
on the processed value of soybeans. Care must be taken in deciding which quality 
factors are important. The specific effect of individual quality factors should be 
determined before changes in the Grades and Standards or market practices are 
implemented. 
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APPENDIX. SPROC • A SOYBEAN PROCESSING SIMULATION: MASS 
BALANCE FORMULAE 
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SPROC - A Soybean Processing Simulation 
Mann BalnncB Formulae 
Thomas J. Brumm and Charles R. Hurburgh, Jr. 
Department of Agricultural Engineering 
Iowa State University 
Ames, Iowa 50011 
SPROC (Soybean PROCessing) is a simulation model that predicts the processed 
value of soybeans. This value is designated as EPV - Estimated Processed Value. 
EFV ($/bu) is the sum of revenues firom soybean meal, crude soybean oil and mill feed 
(hulls) derived firom the processing of soybeans by direct solvent extraction. 
This model uses mass balances to simulate the three major operations involved in 
solvent extraction; soybean preparation, solvent extraction and meal formulation. 
These balances predict the yield of the products of soybean processing (meal, oil and 
mill feed). Product yields, and hence EPV, are affected largely by soybean composi­
tion, ie., the protein and oil contents. Other factors affecting yields are processing 
conditions and end-product specifications. In the United States, soybean meal is 
bought and sold using the National Oilseed Processor's Association (NOPA) trading 
rules. These rules provide voluntary procedures, practices and arbitration protocols 
for the trading of soybean products. Specifications in the NOPA trading rules can 
also affect EPV. 
SPROC is the program in Microsoft QuidcBasic that operationalizes the model. 
This document details the mass balances used in SPROC. Figure 1 is a processing 
flowchart showing pertinent variables. Table 1 lists the variables and nomenclature 
used. Following that are the mass balances for the three systems and the method for 
calculating EPV. 
Further information about SPROC and EPV can be found in "Estimating the 
Processed Value of Soybeans", T. J. Brumm and C. R. Hurburgh, Jr., Journal of the 
American Oil Chemists' Society, 1990 (in press). 
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Wa Pa2 
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PaS 
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Ph2 
Ph3 
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I Pb2 
Wb PbS 
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P2dS 
w" % 
PIdS 
W2d 
Whn 
System 2C 
High-protein 
meal 
System 1C 
44% meal 
System B 
Oil Extraction 
System A 
Soybean Preparation 
Figure Al. Processing flowchart with pertinent model variables 
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Table Al. Variable nomenclature and typical processing parameters 
System 
System A 
Soybean Preparation 
System B 
Oil Extraction 
System C 
Meal formulation'' 
Description Symbol Units 
Input weight Wa lb 
Hull weight Wh lb 
Net weight after losses WaNet lb 
Dry-matter loss DMLa % 
Percentage removed Pah % 
by dehuUing 
Hull moisture Phi % 
Hull protein Ph2 % 
Hull oil Ph3 % 
Hull fiber Ph5 % 
Flake weight Wb lb 
Flake protein Pb2 %*• 
Flake oil PbS 
Flake fiber Pb5 %•> 
Oil weight Wo lb 
Spent flake weight Wc lb*» 
Spent flake protein Pc2 %*» 
Spent flake oil Pc3 
Spent flake fiber Pc5 %*> 
Dry-matter loss of DMLc % 
flakes in oil 
Hull input weight Wch lb 
Product 1 
Meal weight Wld % 
Meal moisture Pldl % 
Meal protein Pld2 % 
Meal oil Pld3 % 
Meal fiber PldS % 
Added hulls Wlh % 
Added mill feed Wlf % 
Product 2 
Meal moisture P2dl % 
Meal protein P2d2 % 
Meal oil P2d3 % 
Meal fiber P2d5 % 
Added hulls W2h % 
Added mill feed W2f % 
Net hulls/mill feed Whn lb 
Percentage of low vs. 
high-protein meal Pic % 
Typical values 
60.0 
0.0 
10.0 
12.0 
12.0 
1.5 
35.0 
0.5 
_a 
0.0 
12.0 
a 
12.0 
100.0 
"Calculated in the mass balance. 
^asis 0.0% moisture for calculation purposes only. 
"Option to produce 44% meal, high-protein meal or a mix of both. 
86 
Table Al (continued) 
System Description Symbol Units Typical yalues 
Other variables Whole Soybean 
Moisture Pal % variable 
Protein Pa2 % variable 
Oil Pa3 % variable 
Fiber Pa5 % 4.4"^ 
Product 1 
Protein specification Pld2spec % 44.0 
Max. fiber (as-is) PldSspec % 7.0® 
Max. fiber (dry basis) PldSmax % .a 
Product 2 
Protein specification P2d2spec % 48.0 
Max. fibâ: (as-is) P2d5spec % 3.5® 
Max. fiber (dry basis) P2d5max % 
Prices 
Product 1 PricePl m variable 
Product 2 PriceP2 m variable 
Crude soybean oil PriceOil m variable 
Hulls/mill feed PriceHMF m variable 
Product 1 discount DiscPl m » 
Product 2 discount DiscP2 m _a 
"Basis 13.0% moisture. 
National Oilseed Processors Association trading rules: 7.0% nmyiTmiTn fiber for 
44% protein meal, 12% moisture basis; 3.0-3.5% TnaTimum fiber for high-protein 
(dehiùl^) meal, 12% moisture basis. 
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MASS BALANCE FORMULAE 
Assumptions: Steady-state (no accumulations in any system). 
Maximum fiber specifications are always observed 
Maximum amount of hulls possible are blended back into the meal 
NOPA discounts for protein deficiency and fiber excess are used. 
For meal protein contents in excess of specifications, proportionate 
protein premiums are used. 
All mass balances (Systems A, B, and C) are done on a dry-weight 
basis. 
SYSruiM A (Soybean Preparation) 
MASS: 
PROTEIN: 
OIL: 
FIBER: 
WaNet= (WaXl-DMLaVlOO 
Wb = WaNet - Wh 
and Wh = (WaNetXPah/100) 
Pb2 = [(WaNet)(Pa2)-(WhXPh2)]/(Wb) 
Pb3 = [(WaNetXPa3)-(WhXPh3)y(Wb) 
Pb5 = [(WaNetXPa5)-(WhXPh5)y(Wb) 
SYSricM B (Solvent Extraction) 
MASS; Wc 
PROTEIN: Pc2 
OIL: (WbXPbS/lOO) 
Wo 
FIBER: Pc5 
PRODUCT SPOT; Wlc 
W2c 
= (Wb - WoXl-DMLcVlOO 
= (WbXPb2)/(Wc) 
= (WcXPc3/100) + Wo 
= (WbXPb3.Pc3y(100-Pc3) 
= (WbXPb5)/(Wc) 
= (WcXPlc/100) 
= Wc - Wlc 
SYSTEM IC (Meal formulation for Product 1 - e.g. 44% protein meal) 
The protein content of the meal (Pld2) is initially set equal to the desired protein 
content (Pld2spec). This may change depending on the amount of hulls that can be 
blended back. Steps I and II are initially performed as if hulls are not blended in. 
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L Can the protein specification be met? Is Pld2 < Pc2 ? 
If YES , continue with II. 
If NQ , set meal composition equal to that of the spent flakes and go 
to system 2C. 
Pld2 = Pc2 
Pld5 = Pc5 
Wlh = 0 (weight of hulls added to product 1) 
Wld = Wlc 
IL Can the fiber specification be met? Is PldSmaz > Pc5? 
If YES , continue with IQ. 
If NO , set meal composition equal to that of the spent flakes and go to 
system 2C: 
Pld2 = Pc2 
Pld5 = Pc5 
Wlh = 0 (weight of hulls added to product 1) 
Wld = Wlc 
TfT- Add hulls to meet the protein specifications. 
MASS: Wlh = Wld - Wlc 
PROTEIN: (WIdXPldZ/lOO) = (WlcXPc2/100) + (WlhXPh2/100) 
Wld = (Wlc)(Pc2-Ph2y(Pld2-Ph2) 
Check: How much hulls were added? Less than the amount removed in 
dehulling? Is Wlh < Wh ? 
If YES , go to step V. 
If NO , set Wlh = Wh. Add mill feed in step IV. 
IV. Add mill feed to meet the protein specification. 
MASS: Wlf = Wld - Wlc - Wlh 
PROTEIN: (WldXPldZ/lOO) = (Wlc)(Pc2/100) + (WlhXPhZ/lOO) 
+ (WlfXPf2/100) 
Wld = [(Wlc)(Pc2-Pf2) + (WlhXPh2-P£2)] 
/(Pld2-Pf2) 
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V. HiiUs (and possible mill feed) are added to meet the protein specification. 
Is the fiber content OK? 
FIBER: Pld5 = [(WlcXPcS) + (WlhXPhS) + (WlfXPf5)]/(Wld) 
Check: Is Pld5 ^ PldSmaz ? 
If YES , all finished with System IC. Go to System 2C. 
If NO , recalculate based on the fiber limit in step VI. 
VL Recalculate meal formulation based on fiber limit. Pld5 = PldSmaz. 
MASS: Wlf = Wld - Wlc - Wlh 
FIBER: (WldXPldS) = (WlcXPc5/100) + (WlhXPh5/100) 
+ (WlfXPfS/lOO) 
Wld = [(WlcXPc5-Pf5) + (WlhXPh5-Pf5)] 
/(Pld5-Pf5) 
Check; Can we add any filler? Is Wlf > 0 ? 
If YES , everything is OK. Proceed to step Vn. 
If NO , set Wlf=0 and recalculate on fiber limit using 
hulls only. 
MASS: Wlh= Wld - Wlc 
FIBER: Wld = (WlcXPc5.Ph5y(Pld5-Ph5) 
vn. Calculate protein content after adding hulls/mill feed to meet the fiber specifica­
tion. 
PROTEIN: Pld2 = [(WlcXPc2) + (WlhXPh2)+(WlfXP£2)] 
/(Wld) 
SYSTEM 2C (Meal Formulation. Product 2 - e.g. high-protein meal) 
This is the same as System IC, with the exception that there is a limit on the 
amount of huUs that can W blended in since some may have been used in System IC. 
The ttinTirmiTn that Can be used in System 2C is (Wh - Wlh). 
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ESTIMATED PROCESSED VALUE (EPV) 
L Convert all percentages and weights to the as-is moisture basis. If NOPA trading 
rules are being used, proceed with steps n and m. If protein premiums for meal 
protein in excess of specifications are used, perform step IV. EPV is calculated in 
step VI. 
n. Calculate the protein discount for product 1. Set Dis(f 1 (product 1 discount) to 
zero initially. 
PROTEIN DISCOUNT: 2 times the unit protein price, 0.5% allowance, 12% 
moisture basis. 
Check: Is (Pld2)[88/(100-Pldl)] > (Pld2spec)[88/(100-Pldl)] - 0.5 ? 
If YES , no protein discount. Proceed to step m. 
If NO , calculate the protein discount. 
DiscPl = DiscPl + (2XPricePl/Pld2specXPld2spec - Pld2) 
HL Calculate the fiber discount for product 1, if NOPA trading rules are being used. 
(Note: PldSspec is the as-is moisture equivalent of PldSmaz.) 
FIBER DISCOUNT: 1% of the invoice price per 0.1% in excess of specifica­
tion, 0.3% allowance, 12% moisture basis. 
Check: Is (Pld5)[88/(100-Pldl)] < (Pld5spec)[88/(100-Pldl)] + 0.3 ? 
If YES , no fiber discount. Proceed to step IV. 
If NO , calculate the fiber discount. 
DiscPl = DiscPl + (0.1XPricePlXPld5 - PldSspec) 
IV. Calculate the protein premium for product 1, if such a premium is being used. 
PROTEIN PREMIUM: The per unit price of protein times the amount of 
protein in excess of specifications. 
Check: Is Pld2 < Pld2spec ? 
If YES , no protein premium. Proceed to step V. 
If NO , calculate the protein premium. 
DiscPl = DiscPl - (Pld2-Pld28pecXPricePl/Pld2Bpec) 
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V. The same procedure is used for Product 2, substituting product 2 percentages and 
specifications. 
VL Calculate EPV. 
EPV = (PricePl - DiscPlXWld) + (PriceP2 - DiscP2XW2d) 
+ (PriceOilXWo) + (PriceHMFXWh-Wlh-W2h-Wlf-W2f) 
or 
EPV = (PricePl - DiscPlXWld) + (PriceP2 - DiscP2XW2d) 
+ (PricOilXWo) + (PriceHMFXWhn) 
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